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(54) Abstract Title: Variable impedance matching circuit for the antenna of a device with a re-configurable 
housing 



(57) A variable impedance matching circuit for an 

antenna 10 comprises means suitable for detecting 
a change in the configuration of a housing 40 of an 
associated device and means of changing an 
impedance matching circuit accordingly. The 
detecting means 40 may provide an electrical signal 
to further means 25 which may change the 
impedance matching circuit 20 appropriately. The 
impedance matching circuit 20 may comprise an 
inductive and capacitive network in which at least 
one capacitive element 23, 24 may be switched in or 
out of the circuit 20 to change the impedance of the 
circuit. The detecting means 40 may be activated by 
the presence of speech. The variable impedance 
matching circuit is intended for use in foldable or 
collapsable portable communication devices. 



OD 

Ca3 
00 
CD 

CO 

> 



10 



i 



20 



21 



25^ 



O p o 



\ : 



36 



S , 


TRA)lSMISS!Q.'(/f{aPllO{i 




RADIO SEC1I0N 



SHAPE C«A%E 
SETHJBIGSCnOtt 

OHKHMESHIVB 



- ■—403 



FIG. 4 



1/3 



w 



20 

: ■ ^ 

VARIABLE TYPE ANTENNA 
MATCHtNG SECTION 



30 

_^ 

TRANSIWISSION/BECEPTION 
RADIO SECTION 



40 



SHAPE CHANGE 
DETECTING SECTION 



10 

V r 



20 



21 



25 



X 



23 



I 

T 



1_. 



FIG. 1 



30 



TRANSMISSION/RECEPTION 
RADIO SECTION 





I 


r 






40 








SHAPE CHANGE 




, 


DETECTiNG SECTION 



FI G. 2 



SHAPE 



SHAPE A OF HOUSING 
(CLOSED OR CONTRACTED STATE) 



SHAPE B OF HOUSING 
(OPEN OR STRETCHED STATE) 



SHAPE 
DETECTION SIGNAL 



L 



FIG.3A 



H 



FIG.3B 



SWiTCHillG 



IMPEDANCE A 



IMPEDANCE B 



FIG.3C 



IT. « 

t 

3/3 




2389463 



Variable Type Antenna Matching Circuit 

5 Background of 

The present invention relates to a portable 
telephone terminal and, more particularly, to a portable 
telephone terminal or other types of portable terminals 
which can change their contigurations (or shapes) by stretching or folding 
lO their housings. The present invention can also be 
applied to a circuit which provides input impedance 
matching for an antenna in accordance wilih a change in 
tlie input impedance of the antenna when the shape of a 

housing is changed. 

25 In a portable telephone terminal, in order to 

optimize tlie radiation efficiency of an antenna, an 
impedance mgLlicl:i±ng circuit is arranged between the 
antenna and a transmission/reception radio circuit. 
This impedance matching circuit provides impedance 

20 matching. 

Tlie snape of the housing of a folding portable 
telephone terminal changes as it is folded or unfolded, 
and hence tlie input impedance of the antenna changes. 
For this reason, in a folding telephone terminal, 
25 impedance mismatching occurs between the antenna and the 
transmission/reception radio circuit between when the 
terminal is folded (e.g., the incoming wait state) and 
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when the terminal Is unfolded (e.g., the speech 
communication or operation state), resulting in 
deterioration in antenna efficiency. 

In order to cope with such impedance 
5 mismatching that occurs when the shape of the housing o: 
a folding portable terminal changes, an arrangement has 
been proposed (e.g., Japanese Patent Laid-Open 
No. 2001-345882), in wliicli a plurality of impedance 
matching circuits are prepared, and whether or not the 
10 portable terminal is folded is detected. In this 
arrangement^ the impedance matcliing circuits are 
selected and switched depending on whether the terminal 
is folded or unfolded (open). 

In the portable terminal disclosed in Japanese 
15 Patent Laid-open No. 2001-345882. two matching circuits 
having different circuit constants are prepared in 
advance. These two matching circuits are selected and 
switched in accordance with a detection result on the 
open/closed state of the folding portable terminal. 
10 This portable terminal is based on the premise that two 
matching circuits are mounted in advance. Since the 
portable terminal requires a plurality of circuits with 
circuit constants corresponding to different impedances, 
the degree of freedom in design is low. For example, 
5 preparing many matching circuits will interfere with a 
reduction in circuit size. 
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umrno ry of_ zh n v p. n t j. o : i 

11: ij^: 'Ml o:>jecf: of p:r';:::onf: lti v-^n i: i. on to 

pj:(:r/Adc: a van/jbLe t:ype .^mtonriri rr^i t.ch.i fKj circuit v/xthi a 
simple circuih arrrjngenien f: v/n.Lch Crjn provide .iinpedance 
5 match i.nq between nn m^ti^nna :ind ci trrjr;.s?uic75;ion/i: ticjep t ion 
radio circuit in accordance with a change in conilguration (or shape) 
of tha housing of a portable r.criiiinal . 

It is anothex" object: of: the present invention 
to provide a variable type antenna matching circuit 
lO v/hich can Improve the degree of freedom in design . 

T t: is still another object of the- present 
invention to provide a variable rype antenna matclixng 
circuit which can real:Lze ma nlaturi za tion of a radio 
"cerriiin«"i 1. - 

15 

hi order to achieve the above objects, according to the 
present invention, there is provided a variable type antenna matching 
circuit characterised in that it comprises: an antenna; meanf; for detecting 
a change in a con figuration of a housing of a portable terminal; means for 
20 transmitting and receiving signals; and means for changing an input 
impedance between said antenna and said transmitting/receiving means 
in accordance with an output signal from said detecting means. 

Bi-ie f _ De_sc: r 1 p 1 3 . on of J;he_ JDraw j.n 

Fig . 1 is a block diagram showing an 
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arrangement for providing antenna impedance matching for 
a portable radio terminal according to the first 
embodiment of the present invention; 

Fig- 2 is a block diagram showing the variable 
5 type antenna matching circuit of the portable radio 
terminal according to the first embodiment of tlie 
present invention ; 

Figs. 3A, 3B, and 3C are views for explaining 
the operation of the variable type antenna matching 
► circuit; 

Fig. 4 is a block diagram showing a variable 
type antenna matching circuit according to the second 
embodiment ; 

Figs. 5A and 5B are perspective views for 
explaining how the sbape of the housing of a folding 
portable radio terminal changes; and 

Figs- 6 A and 6B are perspective views for 
explaining how the shape of the stretchable housing of a 
portable radio terminal changes. 
Description of the Preferred Embodiments 

The preferred embodiments of the present inventiori will be 
described below by way of example with reference to the 
accompanying drawings. 

A portable radio terminal according to the 
first embodiment of the present invention includes an 
antenna 10, a variable type antenna matching section 20 
connected to the antenna 10, and a 
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transmission/reception radio section 30 and configuration (or shape) change 
detecting section 40 which are connected to the variable 
type antenna matching section 20. 

The variable type antenna matching section 20 
5 is formed from a variable type antenx:ia matching circuit 

4 

and set between the antenna 10 and the 

transmission/reception radio section 30. The var^iable 
type antenna matching section 20 variably switches its 
impedance constants to cope with a change ±n the input 
10 impedance of the antenna due to a shape change on the 
basis of an output from the shape change detecting 
section 40 which detects a change in the shape of the 
housing of the portable radio terminal . 

One terminal and the othear terminal of the 
15 variable type antenna matching section 20 axe 
respectively connected to the antenna 10 and 
transmission/r-eception radio section 30 to provide 
impedance matching between the antenna lO and the 
transmission/reception radio section 30. The antenna 10 
20 receives a downstream reception signal from a base 

station. The downstream reception signal from the base 
station is input from the antenna 10 to the 
transmission/reception radio section 30 . An upstream 
transmission signal is sent out from the 
25 transmission/reception radio section 30 to the antenna 
10. 

The shape change detecting section 40 detects 
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a change in the shape of the housing, e.g., whether or 
not the portable terminal Is folded. 

As shov/n in Fig. 2. in the variable type 
antenna matching section 20 of the portable radio 
5 terminal according to the first embodiment of the 

present invention, capacitors 22 and 23, each having the 
other terminal connected to a corresponding one of the 
two terminals of an inductor 21 (e.g., a coil), are 
connected between the antenna lO and the 

transmission/reception radio section 30. The capacitor 
23 is connecied to ground between the inductor 2 1 and the antenna 
1 0. The capacitor 22 is connected to ground between 



the inductor 21 and the transmission/reception 
section 30. The variable rype antenna matching section 
15 20 also has a switch 25 which connects to/disconnects 

from (turns on/off) the capacitor 23 on the antenna side 
The switch 25 may be set on the ground side of the 

capacitor 23 or on the side between the inductor 2 1 and the 

antenna 10. That is, the switch 25 is connected in 
20 series with the capacitor 23. 

The switch 25 is switched in accordance with 
an output from the shape change detecting section 40. 
When the switch 25 of the variable type antenna matching 
section 20 is turned on, the capacitance of the 
25 capacitor 23 is added to the capacitance set when the 
switch 25 is off. As a consequence, the impedance 
parameter changes. In this manner, the impedance 
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parameter can be changed. 

Assume that the switch OFF state is made to 
correspond to the closed state (or the contracted state) 
of the portable radio terminal in which impedance 
5 matching is provided, and the switch ON state is made to 
correspond to the open state (or the stretched state) of 
tbe portable radio terminal in which impedance matching 
is provided. This makes it possible to change the 
antenna matching circuit to a circuit having a constant 
10 t!iat provides impedance matching in both the states, 
i.e., the closed state of the portable radio terminal 
and the open state of the housing of the portable radio 
terminal. 

A change in the shape of the portable radio 
15 terminal will be described next. When the housing of 

tne folding portable radio terminal is open, the display 
screen and Xeys can be seen and used, as shown in 
Fig. 5A. When the housing of the folding portable radio 
terminal is closed, the portable radio terminal is 
20 folded, and neither the display screen nor the keys can 
be seen, as shown in Fig. 5B. 

The shape change detecting section 40 detects 
the open or closed state of the housing of the folding 
portable radio terminal shown in Fig. 5A depending on, 
25 for example, whether the switch is on or off. The shape 
change detecting section 40 associates the "ON" state 
and "OFF" state of the switch with the "open" state and 
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"closed" state of the folding portable radio terminal, 
and outputs logic signals corresponding to the "ON" 
state and "OFF" state. 

When the stretchable housing of a portable 
5 radio terminal is contracted, a housing portion on which 
keys are arranged is housed in a housing portion on 
which a display screen is arranged, as shown in Fig. 6A. 
When the stretchable housing of the portable radio 
ter-minal is stretched, the housing portion on which the 
> keys are arranged is pulled out from the housing portion 
on which the display screen is arranged, as shown in 
Pig. 6B. 

The shape change detecting section 40 
associates the «ON" state and "OFF" state of the switch 
with the "stretched" state wherein the housing portion 
on which the keys are arranged is pulled out from the 
housing portion on which the display screen is arranged 
and the "contracted" state wherein the housing portion 
on which the keys are arranged is housed in the housing 
portion on which the display screen is arranged, and 
outputs logic signals corresponding to the "ON" state 
and "OFF" state. 

The relationship between the shape of the 
housing of the portable radio terminal described above, 
the logic signals output from the shape change detecting 
section 40. and the impedance constants of the matching 
circuit will be described with reference to Figs. 3A to 
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3C. 

When the housing is kept closed (or 
contracted), the shape change detecting section 40 
outputs a logic signal L as a shape detection signal to 
5 the switch 25. Upon reception of the logic signal L 
from the shape change detecting section 40, the switch 
25 keeps disconnected from the capacitor 23 . When the 
capacitor 23 is kept disconnected, the impedance circuit 
constant in the antenna matching circuit is set to an 
10 impedance A that matches the antenna input impedance 
while the housing is closed. Impedance matchting can 
therefore be provided between the antenna 10 and the 
transmission/reception radio section 30 while the 
housing is closed. 
15 When the housing is opened (or stretched), the 

shape change detecting section 40 outputs a logic signal. 
H as a shape detection signal to the switch 25. Upon 
reception of the logic signal H from the shape ohange 
detecting section 40, the switch 25 connects to the 
20 capacitor 23. As a consequence, the capacitor 2 3 is set 
in the connected state, and the impedance circuit 
constant of the antenna matching section 20 changes to 
an impedance B. This impedance matches the antenna 
input impedance in the open state of the lioxising. 
25 Note that as the switch 25, a semiconductor 

switch such as a pin diode or GaAs switch can be used. 

According to the first embodiment, there is 
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provided a variable type antenna matching circuit in 
which when a shape change detection circuit for 
detecting a change in the shape of the housing of a 
portable terminal detects a change in the shape of the 
5 housing, the input impedance of an impedance matching 
circuit between an antenna and a transmission/reception 
radio circuit is changed in accordance witn the change 
in the shape of the housing. As this variable type 
antenna matching circuit, an impedance matching circuit 
> is formed, in which capacitors are groundedL on the 
antenna side and the transmission/reception radio 
circuit side, respectively, on the two sides of an 
inductor. This circuit includes a switch foj? switching 
the capacitor on the antenna side. Note that the switch 
can connect to or disconnect from the capacitor on the 
antenna side. 

In the first embodiment described above, a 
variable capacitor may be usedl as the capacitor 23 to 
change the capacitance in accordance with an output from 
the shape change detecting section 40. 

A variable type antenna matching section 20 
according to the second embodiment will be described 
next with reference to Fig. 4. The variable type 
antenna matching section 20 according to the second 
embodiment has two capacitors 23 and 2 4 as capacitors on 
the antenna 10 side. 

A switch 25 selects and switches between three 
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states, i.e., the state wherein no capacitor is 
connected, the state wherein the capacitor 23 is 
connected, and the state wherein the capacitor 24 is 
connected, in accordance with an output from a shape 
5 change detecting section 40. 

In the variable type antenna matching section 
20 according to the second embodiment , the shape change 
detecting section 40 has a speech communication state 
detecting section 40a which detects whether or not the 
0 portable radio terminal is in the speech communication 
state. 

The shape change detecting section 40 selects 
one of the capacitor connection states in accordance 
with a detection result indicating one of three states, 
5 i.e., the state wherein the housing is closed, the state 
wherein the housing is open and speech communication is 
not being performed, and the state wherein the housing 
is open and speech communication is being performed. 

In a speech communication state the housing 
and antenna are located near the head of the user. When 
the portable terminal is used only to transmit /receive 
data such as messages, the terminal is used while the 
antenna is located near the ground surface. 

The second embodiment copes with a case 
wherein the antenna exhibits different impedances and 
hence different antenna characteristics depending on 
whether or not the antenna is located near the ground 

4 
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surface. 

In the second enibodiroent , the capacitors 23 
and 24 are switched in accordance with an output from 
the shape change detecting section 40 to provide 
5 impedance matching in accordance with the three antenna 
states of the antenna of the portable terminal. 

In the second embodiment, an antenna matching 
circuit As designed such that capacitors are grounded on 
the two sides of an inductor (coil), and the capacitors 

0 on the antenna side are switched in accordance with an 
output from a shape change detecting circuit. With th±s 
arrangement, one antenna matching circuit can be matched 
with circuit constants corresponding to a plurality of 
housing shapes, and one antenna matching circuit can 

1 provide impedance matching in accordance with a 
plurality of housing states. 

The shape change detecting circuit Includes a 
speech communication state detecting circuit for 
detecting whether or not a speech communication Is being 
performed. This arrangement allows selection of 
different capacitors depending on whether the housing 
shape changes and speech communication is not being 
performed or speech communication is being performed. 
This inaJces it possible to detect whether or not speech 
communication is being performed while the folding radio 
terminal is open, and to select a capacitor so as to 
change the impedance constant of the antenna matching 
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circuit depending on whether or not speech communication 

is being performed - 

In the second embodiment, variable capacitors 
may be used as the capacitors 23 and 24, and the 
5 capacitance may be changed in accordanoe with outputs 
from the shape change detecting section 4 0 and speech 
communication state detecting section 40a. 

The variable type antenna matching circuit 
according to each embodiment of the present invention is 
0 designed only to change the circuit constant by 

switching the capacitors in the antenna matching circuit 
in arroordance with an output from the shape change 
detecting circuit. Therefore, there is no need to 
prepare a plurality of matching cir-cuits . In addition, 
5 since the number of circuit elements required in this 

circuit is small, an increase in the size of the antenna 
matching circuit can be suppressed, and miniaturization 
of the circuit can be achieved. Fur theirmore , a switch, 
an inductoir, and capacitors as circuit elements can be 
} formed by using an integrated circuit* This integrated 
circuit can be formed on the same circuit board as that 
for a transmission/reception radio circuit. This makes 
it possible to cope with a change in the input impedance 
characteristics of the antenna. 



Each feature disclosed in this specification (which term includes the 
claims) and/or shown in the drawings may be incorporated in the invention 
independently of other disclosed and/or illustrated features. 

Statements in this specification of the "objects of the invention" relate 
to preferred embodiments of the invention, but not necessarily to all 
embodiments of the invention falling within the claims. 

The description of the invention with reference to the drawings is by 
way of example only. 

The text of the abstract filed herewith is repeated here as part of the 
specification. 

A variable type antenna matching circuit includes and antenna, shape change 
detecting section, transmission/reception radio section, and variable type 
antenna matching section. The shape change detecting section detects a 
change in the shape of the housing of a portable terminal. The 
transmission/reception radio section transmits and receives signals. The 

variable type antenna matching section changes the input impedance between 

the antenna and the transmission/reception radio section in accordance with an 

output signal from the shape change detecting section. 

Reference numerals appearing in the claims are by way of illustration 

only and shall have no limiting effect on the scope of the claims. 
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Claims : 

i . A variable type antenna matchiag circuit characterised in that it comprises: an 
antenna ( 1 0); means (40) for detecting a change in a configuration of a housing of 
5 a portable terminal; means (30) for transmitting and receiving signals; and means 
(20) for changing an input impedance between said antenna (10) and said 
transmiiting/rcceiving means (30) in accordance with an output signal from said 
detecting means (40), 

10 2. A circuit according to Claim 1 , wherein input changing means (20) comprises 
an inductor (21) connected between said antenna (10) and said 
transmitting/receiving means (30), a first captxcitor (21) connected to ground 
between said antenna (10) and said inductor (21), a second capacitor (22) 
connected to ground between said inductor (21) and said transmitting/receiving 

15 means (30), and a switch (25) for switching values of the first capacitor (23) in 
accordance with an output from said detecting means (40). 

3. A circuit according^ to Claim 2, wherein the switch (25) is connected in series 
with the first capacitor (23) and turned on/off in accordance with an output from 

20 said detecting means (40). 

4. A circuit according to Claim 2 or 3, wherein the first capacitor (23) comprises 
a plurality of capacitors (23. 24), and the switch (25) is arranged to switch the first 
capacitor in accordance with an output from said detecting means (40). 

25 

5. A circuit according to any preceding claim wherein said detecting means (40) 
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. 1*. 

further comprises speech detecting means (40a) for detecting whether or not 
speech communication is occurring, and said input changing means (20) is 
arranged to change an input impedance between said antenna (iO) and said 
transmitting/receiving means (30) in accordance with an output from the speech 
5 delecting means (40a). 

6. A circiiit substantially as herein described and as illustrated in the 
accompanying figures. 
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